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·.AHHOTa~HJI 

liccJie~oBaua 3HepreTH'l8CK8.SI 3aIJHCHUOCTl> acm.n.teTp.11H OJICKTpo-

HOB . OT pacrra~a TIOJI1Ipll30J3a.U}ISX ' t -ueson~B ripu TIOHOJ!tH cnc±e~.IbI 
. . . 

CZUlHTHJIJISI~HOHHliIX cqeT"<OIKOB' CHJii;uo. ITO,lt8.BJUU'.)IUel1 perMcTpat~RD rop-

M0IHoro H3J1y1telmfl O IlccJte,noBamie np0H3B0,l4HJI0CJ, B 06JiaCTVI 3IIeprnt1 
. . 

Bnex~pouoB cBurue · 20 U3Bo Han,n;enmur saimcnuocT:& KOJI11qecTBeHHO -

(s.rrpe).l;eJiax·necKOJil>KMX nporteHTOB) COBna).taeT C 3aBHCRUOCT!,ID9 npe.n;

CKa3J,IBaeuoti. Teopnen JtBYXKOltnOHeBTHOro HetiT'pMHO 0 

... 

Ma o~NTOB c~e.n;yeT, ttTo cTene111, no;mp1rnanmt -ue301moro 

nyttKa J)aBHa 0,8I ± OjIIo 



,.,.]B~JteHHe 

runoresa c5 HecoxpaHeHHH qefHOCTH B c.nadux B3&U.{O)l811CT:BJ'UIXI) 

. ec~eCTBe~H0 npHB0)tWJl8. 2). K 0~HOft B0~cmt(?CTW ireop;nf Htfi'l'p!B0 . -

TaK Ha3e:eaeuon TeopHH ,n;ByXKOMIIOHtHTIItlr'O· HJm npo,n;0JI»Horo ·u~i1TpltHOo 

IIpHBJiexareJI1,nocr1, reopHn JtByxxowoHtHTHoro aen~pHHO aaciaBnaer .· 

HCKaTl> 3KCIIep1u!eH;a1u~1u1x .n;oRaaaTeJUJCb, IIO~TBSPXJtUltlX H1ll'I 0TB8Po 

ral)l!lltX ee ~ · 

· 'O,ItHOM H3 CT0J)0H; K0T0pyJD YOXHO ll0,ItBeprHyTlb X'tCC~~)t0B8.H1''ID . 

C .-3TOH 'TO'llKH 3pemrn:, HBJiileTCJJ: H3Y'1!M'1e rro.n; J)8.3HH?.fH YJ:JI8.M~ CTieKTpa 

3JieKrpo110B or pacna,n;a noJisip~soBa:H:awc. fJ. c:,,ueaoHOBo · Heodxo,zonio, · 
• • • -: # I 

o,n;Haio ,.. cpasy rro,n;tJepKHyr:i:,, ttTo TaKoe HCCJie,IJ;oBaH:0:e uoxeT B nl)IIH1'4<.:> 

ne- 0TBeprHyTJ.; Teopiuo ,Il;BYXK0MII0H8HTH0ro Heii:rpirno, : HO He MOXe'f 
. . . 

,n;aTl> oico1rqaTe1n,Horo ee no,n;TBepxl.n;emiut ~ llHw,m cno:sairn, treTNJ)eX= 

Km,rnoaeH.THan reopHi neuxp:vrno Moxer .n;ar1, HMeHHO TaKyro· ~e ~opMy 

cneKTpa npn cooTBeTC.TByPJf!teM no,n;6opt:f KOHCTaHT CBJJ3Rt 3) K0Topan: ·· 
. ' 

BTIOJIHe onpe,IteJieHHO npe,n;cKa31rnaeTCH .ItBYXKOl.mOHeHTHOit ·rieopHeti 

HefiTpI1HO,. a IUJ0HHO • 

f{e'.! e) ::c a&~{(3 -g;c) i· A( a (~-1 joos.e} · (I) 

B Ham1:caHH0fi B&rue Q.)OpMyJie qepe3 J< E,.,,)e ;'. 0603Hl.'IeHa 'PYHKUI1H 

· pacnpe,I1;e11eH:t1SI sJieKTpoHoB no sHepnrn:u, r.n;e . 0 - yroJI uex,1ty 

m.myJI~COM 3JI8ItTp0Ha M ,CIIHH0M l,.1. - M830Ha, t -0TH0fflf:HHe. 3Heprun 

sJieKTpoHa K MaKc11:,.m;n,uo Bo~:uo::uwn 3Heprirn 1 a . _A ,- napaueTp, :Ja= 

BHCRf!tHll OT K0HCTaHT CBB3H. 

. HecoxpaHeHirn 'l!€TH0CTI1' B JJ- ..;..., j.,t ._. ,e _·..,, pa.Clla,It! 6HJIO . 

o6napJlieHo B KJiace11qecKI1·x omuax rapBHHa, Jie,nepMaHa .H Beiinp~xa4), 
. . . . . . 

B K0T0pb!X np~ nouomix 3JI8ICTp0HHbIX MeT0)t0B perircTpau11rn llaCTHU (>I:lJIO 



µ.. -ue30HHIIe rrytIKliis BbIXO,tCJil.!{118 B BHyTpemreTT M11-

menu CltHXPOilUKJI0'.1:POHas B 3Haq11re;n,_Hotf CTene1rn IlOJIJiplI3OBaHhY H 

lITO yr JIOB oe pa.crrpe.rcenemrn 3J18ItTpOHO.B. ·B r~'- ~·--¥3, -paCTia)t0 UM66T 

~vr.n I +~<00:;,-~i o KaK CJie,1\:y~T lf3 CKa3amrnro BbilUe, .ICBYXIWMTIOHCHT:... .·· 

uaa . re9pr,u1 Hefirp1rno npe,n;cKa3I:JBaeT onpe,n;eJieHHyro 3aB11cmrocT1,: 

K0:3cpcpnr1vreHTa Cl OT anepnm aJieKTpouao· 

Hai1.n;eHHaSI B caMoM nepBOti padoTe4).3aBUCHUOCT:b 

fJ. ~oT aHepr1m oxaaaJiac1, 1.tenee cJIJI»Hoti, tzeu 3Toro Tpe6yei cpop -
'. ' 

uyJia (J) o n 3Tofi. pa6ore oHeprm:r 3Jie1tiponon ori;emrnaJiac:o npH no1.w-

ntn · ~_npe.neneHMSI npon11KaIDqen cnoco6uocT:vr 3JiercTpouon qepes rpacpnro-

. Bblil f!)HJihTPo Yttr,tTLmaRj l!TO B ,naHHOM OflhIT0 ycTaHOBKa CtzeTlliiIWB C>LIJia. 

raxoBas tzTO uor no per11crp11poBaT:r,cJ1 TOpl.1~3rrne rrnJiytzemrn aJieitTpo1ion5), · 

MhI uaqaJIU OribIT j B KOTOpou Bepo.HTHOCTI, peruc:rp-:lI(li!II 'i'aKoro 11_3Jiytre ..... 

HU.FI CIVU,HO rro,naBJI.fIJiaC!>' dnaro,rcapn Bbidpam1O11 YCTD.UOBI{:8 ,, cqeTtJHKOB 0 

KaK 6y,rceT iIOKa3aIIO mr;.ce, pe3yJI!>'l'll'IU Hall!MX U3Hepem1u$ B KOTOPL!X. 

Kpoue c1ur1,uoro rr9,n;aBnemur per11crpar~Inr Topuo3~IOro H3.llytteI~I1.fI . d~rJio. 
' ' 

rronytJeHo xoporuee yrJIOBbe pa3pememrn, nosnoJIRl.BT c,1:;eJiaT:E:. KOJIHlie= 
. .• ' -

CTBeHHYIO rrpoBepKy rpopuyJil:I (I) B o6JiaCTI1 3Hepr1111 SJI0KT.pOHOB CB:b!lle 

20 Li3Bo -
Ilocne Toro KaK Haru. Of!bl! 6bIJI HatJaT ~ TIOSIBUJiaC:b · BTopa.fI pa6oTa 

Ronyi.rc511uc1wti rpyn:1u 6), n KOTopoit ua6nro,n;aeuasr suepre~1-{tJec1mir : , . 

3aBI1CI1HOCI:& acrnrueTpim 3JI8KTJ)OHOB B p.- €, · "" pacna,n;e 6JII13Ka K 

11pe,ncKa3!:I~'ae1 .. ion cpop1.ryJio·n (I)o KatJecTnenuoe corJiac11e c 4JOpMyJioi1 

(I), Toe o yBeJiutJemre acum.reTpmr c yne1rn:tJeuwe:;r 3Heprun 3~eKi:rpo"".' 

HOB, -6!:lJIO IIOJiyt1euo Tait,Ie B ony6mmoBaHH:&IX He,n;aBHO pa6oTax, BH= 

· IIOJIH8HH1IX C nm.rom:oro ~O;TOIIJiaCTI1ff~K ?), H :IIY3Lip!,KOBOir' nponaHOBOH 

. ItaHepbI8 ), o.n;uaKO CTeneH:& 1-1'.X TQ'qUQCTI1 OLIJia 3HD.tJIHem,Ho. H;;~;?;~;~.;,.q 

UOi.CeT ·'61ITI, IIOJiytzeHa C IlOMO!It:bIO :3JI0KTpOHIIb!X MSTO,Il;OB perucTpattli!Mo 



C, 4. -

3KCIT$!J?t1?,1eHTaJI~miII ycta,HOBKa 

B Ol!I,ITe MCI10JII,30BaJ[C.fI rryqos: rIOJIO!fflTeJII>Hh!X lT=M830HOB e . an:.eprH

en ·/"'...) 80 Man, o6pasyrontnxcR .Ha miyrpenHeM 1.mmeHH ciu1xpoquKJiorpo1tao 

ITpoxo,1vI B paccenHHOU uarHHTHOM TTOJti YCKOpHTeJUI, nytJOK aHaJIH3Jrpyer

CSI no 31tepr1rn: H (!)OKycirpyeTCR o ITepe.,Jt tl8TUpexueTpOBOM · 6eTOUROit 
. . 

creHoll 11esoHHiiiil ny-qor<: eute pas a:aa,m111pyeTcir MarH.KtnHu no,un1 11 

t1epe3 Komnn.rarop norra,n;aeT B ~1a11~ · r~e Haxo,n;v.rTc.n 3Kcrrep11MeHra.n:&Han . 
. . . .. . . •· . . . Q~ 

ycTaHOBKaci fIH'reHCI1BHOCT:ti 3'!'01"'0 ny-t~ cpaBH:wreJII>lIO ReB~JU7.IW. (IOOcM ... 

ceK'"".I) 9 o,n;HaKo xopomaH · o,n;Hopol(HOC?b 110 0ue]Jr1rn: no3BoJme:r 01:.n;e,m:ri. 

·OCTaHoJnrBmHecn ;A. .;.Me30HbI OT ocie.soBMBllIMxcn IT-=-ueaoHoB · ~- no3?0MY 
.. 

)(eJiaeT .ero 3HatinTeJI:r:iHo cfonet no,n;xo.rcnirtni.t ,rtJUI pa6oTu · c l;J!-, =Me3oHaLm 9 

t16M ,n;pyr11e, 6oJiee vnrreHCI1BHl:!e nytJK~ 11 HMeIOntvteCJI B Harueti Jiadopa?Opllfto 
ue . 

llputi:1rBIIIaJICR B om,1Ta.X 3Kcnepm,IeHTaJJ::&HaH ycTaBOBKa nOKa3aHa . .. 

Ha pHC oto He.nocpe.!(CTB9HHO. nepe,r~ MOlHttOpHbU·Ja ~1liS't_'1iurn:atm I H 2 

ycTa'aaBJII-tBaJICfl 6epI1.JIJU!eBbitl !pHJih'I'P Ta.Kot{ TOJIIItHHbI I> &OTOpaR TpeC>OBa(.J 
,, , ,,, ., 

nae 'AJIH roro, i{10.db! · B · rpaqnrL,~r:r: n 1r11rueHM ocTaHa.BJmBa.TIHCi rr ... 1.resciHLL, 

3TO 6WIO HS06xo,n;MMO ,1.1,JW ::pa:11:YHI:OBO'l!Hb!X om,!'.I'~Bo ITpH 11:ccne.noB,amm: 

. acmJs«eTplfM:9 KOr,ICa Tpe60BaJIOCh9 tr:ro6bi B rpacpH'.I'e OCTaHaBJ[HBaJIUCii 

fJ.. ~Me30HH, l,teX.!(Y Ctt8Tl.Jl1KaJ.m ·=: M'. 2 nouetqaJIC.fi" ,nonOJIHHTeJU,HJJ!ll 

IIOJU!3THJieHOBiitt · cpr-tJI:i:>Tp ToJiuu11;,:, ~ IO c1~" · 

IIp,r H3Uepemu1 3HepreTlt!'48Cl{('it'.; ·':aBMCHMOCTH acm,meTpMW 3JI8KTpo .... 

HOB OT . µ - tt_. pa~na,na M8TO,ICOM nor JI011temrn ~ q>IUihTpaX lUA8IO;~.fI. 

.!(Be TPY.1tHOCTI1: 

a) 11:_cKaicemrn c11e1tTpa ilpoxo.n;.rimwx ttepe3 q.m.n~;P 3JI8KTp~HC>B. •· 

Ha-sa 1.rnoroKpaTHoro pacceamrn n .Topuoanoro naJiytreHMSI; 
.. ·- . . , . -

6) perMCTpar.ma 8JieKIT'11HOi:,:; vUiteIOntMX MeH1>my10 3HeprHIO, -tl8U 

·aa,ItaeTCSI T0Jill{k!B0H iptirJit!'f'.i·, 6Jiaro.napSI ·perHcTpa.qm1 MX (OTHOCHT8Jib

HO npOHMKaIOil(ero) T0pM(;3H0ro I13JI_yqem,rn 0 
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ITyHKT (&) oc5cyzt~a~tqn B _cne,n;y10rte1!,. mtparpa<fie o .· 

.. 
lITo .. Ice. RacaeT_cn nyaKTa ( 6), .ro c. rieJu,10 yuen1>ruemrn _BeposrrH~STH ., 

perncTpaUH~ 3J!8ICTpOHOB qepe3 nx TOpH03Hoe M3JlY'tleHMe D rrpMMSHSIBI!t8llCJ1 
- •. , ·. . ' ' . ' . ' . .. ,. '.' ~ " .. • . ._... .. ! . 

. . 

. naMlt tlKCnepmrnIITaJil,HOlt. ycTaHOBKe ,TT.JUI ctteTa GJ!e!CTpOHOB·. pacnt,.1,a MC~.'" 

. . . . . . ~ 

IlOJ!:&30BaJICfl TeJiec1rnrr 113 (}QJI1,80ro ttnc.na ·CJUUlTZJIJIRit'IOHHhtX CtieT~UJWBo 

M1nmi.mJII,HHi1 · riopor perucr-parura 3JI8KTPOHOB B ~TOM Te·JieCKOl'M 

(3,L~,5,6,7 Ha p1:r'coI).d1r.n-, ~lU.i OC>pa3~M, .n;oncia,HO ~bICOI~I1, ~-~c·:rr~~a~:· 

Itl!JIOBJrny · Tonmn.nN rpaqmtoB~n· 1.rnme1m, dbIJI 3Kmrnane~TeH 9, 7 r /ci!2_·< 

rtOJIUOTMJie_na O. H3liiefl8Hl1e nopora peruc!pal\I1I1 3JI8KTPOHOB npOM_SBO).(MJIOClt 

npH noMortn IJonutiT1u1eHOBlilX (pMJil>Tpon, 
,• -

nm.tet(ftB]!JMXCf! uett,rty Ct!eTtIUKatrn: •. 
. ,.. -. 

J(JISI ynyqruemt.R · yrnoaoro paspe~m,m pe·ri.cTpMpyrorrteli cucTe1.tu 

· no cpaBllelilUO C HM8BllllU.I 1!8CTO B pa.6oTe 4) HanpmiCeHHOCTb BepTHKaJir,:_ 
. . 

' . "··: -•··, -;· 

Haro .1;mrm1THOro nom1, -:spantafJttero 'c'riHH . ~·· -1,te30Ha,' 6uira' BLICJpaHa. 

He60JIL1!I0fi O .·Ha. rrpOTSI:m:emn{ Bcero 3·Kcnepn1.teHTa . OHa 6uJia, noc-r6akHo'n .. 
I COCTaBJISIJia '4~4.±,0,I· opcre,rca no B·~ei.{y '06ie1.t'y 1,111meHI1x~. 'rpacpiITOBllfl'; 

UHII8H:& c pa3?.repaMu· 2 CM x I4cu X 'j:4. Cl!. ydTaitaBJIU~aJia?:E.:, B ueHTpe 
. ~ ~ ' - . . -

nar1U1Tuofl samuTu, npe,rccTaBJISIJOI!lett ·1t3 ce6SI ,1t:aa 1.eeJie3HbIX' rtuJinHjpa, 
.-·· ' . 

pacn6JIOJt8HHblX· 0,1tHk . Ha,n .n;pyrHM C -~as'6p0l.{ ; B II CMo °Taitan 3a~HTa/ ' , 

YHMtITO~SI ropH30IITaJI:&HLie cocTaBJisrtorittrn n:uero~erocR B sane uarHHTHoro · 

n~JISI, o6ecnequBaJia- B·
0

TO xe· BpeM.R xopomj,, o.n;uopO,n;HOCTb BepTm(aJrI>IIOro 

MarmiTHOfO TTOJISI yKa38.IIHOfi B8JlfI1UUibI B M8CTe pacnOJIOJ!temm Urime1m • 

. 3ireKTpOHH8JI armapaTypa. pa6oTaJia eJie;iyIOl!tMM o6pasou (6JIOK-CXeMa. 

·sJieKTpomroll annapaTypu 11306paleeHa Ha pwc'.2)0 UurryJI:&c or :uoit11Topnon 

cxe1m COBTiaA8Hlisi (I ,2), npoxo~SI . qepe3 cxeuy aHTl1COBna~eH~rn (I,2)-J, 
' - -

38.TIYC!{;a/J cxeuy Bpeueirnoll C8JI8KURM, nponyCicaIOI!lH8 KaCKa)tbI KOTOpO!l . 

(TIBr, m{2~ · TIIi3).,noot1epe,n;Ho OTKPblBatorcn uenotrnon. 11:3 rpex rpu:rrapoB 

x) ABTOp!i! 6Jiaro,n;apHlil ,TI.n.BaCI:fJI8BCKOti sa J,J3MepeHU~ ,TOnorpaqmM 
H BeJIHtJHHbI uarmrruoro · noJISJ BHYTPH uar1rn:ruori satrtHT!:'J_o 



= 6'o 

(Tr,T2,T3) Ha Bpeus paBHo_e Ir:i.- ceK (TaK Ha:nmaeuue. "Bopoxa")$ 

UJ~TiyJibCbl OT 3JieKTpOHOB :racna.rca, 38.perMCTPHPOBaHHU}( TISITHJpaTHOil_ 

cxeuott coBna.itemdt, ·nocrymtJIH B ·npo.nycKaIOntne CHCTeMiii H; npoxo;tJI. · 

B C00TBeTCTBYIOt:tUe BpeMe!UI lfX nociryrinemur ~Bopora"' 'perH.CTpmpo~~: .. 

JIMCb MeXaHillieCKHMH CtiettJHI{:aUi1 o 

·. . ITpH 1mmnre.JI1>11ou no:pore perr1cTpa~1rn: M reoueTpm1_, yKa3aHHoi1_ ... 

H~. pllCYHKe· I, HHTe~C~IBHOCTb Cll8Ta 3~e~_~pOHO.B OT. fl- -: S; -pacrra.~a . 
: . . - . • ~ '. - . . " • . .. f 

C0CT8.BJISIJia 30 ,B MHHyTy O B. TO?A CJ1y'4ae' I~or.rca. Ha nyTH nylII<a. oc~al~aJia. 

. CSI TOJil,KO _6epHJIJIHe,BbITI qmJil,TPt q:xo c'.o~~~eTc;·~~BaJI~. oc~~~~~I\e B)~f~m:~~
HJI II~l~~30HOB;· HHTeHCvIBH~CT:b. _aJteBiTPOHOB OT Jr-~~e ~pa.~qa,l(a ~hlJia. 

• • ~ ,. : • ' ' ' • ~- • ' I • I ~ : • ~ '· 

200 B MHHyTy. 

BBH.rcy Toro, · ttro rrim tJac?,"bTe np~i(e~cmi: .. , ; .. : ~~~3~~1a _J_·~, ~~~'~:":-·: ... 
,·., ..• c.·· •··> ... ; .. ,, .....• ,-:.'. ~J-(J.ljnf('()JJ...C 

BLI6pam1oe Ma.'rHMTHOe TI0.718 JIOBOpatrJ.rnaJIO. yrJI0B0e pacJipe,n;eJieHtte. 3,a ~ . . 
~- ... 

1 
::_: _. _;~-·· ;· ... ..· ~-}.,!1'"'; :. :'~i.. , '~ ~ 

I,OiJ.cek Bcero na 2I rpa.rcyc 9 npou3Bo.rtnm1c1,_ ,n;Be. aepmi.,1fauepeH11~L .. 
. . . . . , . : ,.·,- ~ ~ . , : . : • . , . , , - • ·- • l ·: ~ . • . .:: , . - ::.. -.. " . ,_ . • .. " ~ 

Ka~a11 no,n; ,11;By1tSI. CHMMeTptftUtNMI-I 0THo;cure.n:&uo Han~B~e1111.~ K()Jl:1IIIMa~ 
. T0pa (~-~ ~;;HOCIIT8JU,HO ;~~metut) yrJWJ.m: . . , .. :· : . . ... : \.c . . • . 

.~., -: ., . 
:.~~ : ·~· 

·) o· · o o ) o o. o · · · . · 
I . , 52 . 11_. IBO,~ +. 52 .H 2 . I28 . H I80 +I28 ,· ; .. npH9eu· 1.111meH:&: ·· · · i ';• 

ycTalIB.BJI~BaJiac:r,no,n; ·;r;OM 450.,K nytJKy11 K8K aTO rtQKa~~llO-·--JI.fl .nep~oro 
1 • • •• • ~- • • ' • .. --,··' • • • • ,-c 

C!JyttaR II~. pMC·o.I •. · C. yqerou BpanteHHJ! CIYHHa · F~ .-uesoHa_.B ;nocT0RHH0U 

1rarmfTHOM TIO JI~ ~3MepeHMSI rtO,T.L 3THM~: tteTJip!tJ.rSI_ .yr JiaMH. C Tp8MR • BpEH.feJJ-, .:~ 
' . .. .- . ,. . ~.. .. 

Hm.m 1<aIJa.Jia1m TI0_3B0JI,1IJIH nony~mT:&. yr:1oaoe,_pacnpe.rce11ea11e. ane1trpouon · 
• ••• • : • •' . • ~ • ' • :- •••• •, ••, < • ~' • • ' • a - •• •• ~ • • -, ' • • • 

0TH0CMTeJI:&110 cmrna . HJ... -i.1830H8. no,n I2 yrJia.MH . B HHTepBaJie 0°-:-360° 0 

3T~ ·y~11i:~OCJI~- Bll8C~H~SI
0 

rro~p~BOK,· y~r~BaIOnt~~' ;;~o~o~ :p~spenre-~ne . 
• . • . .. • t ..• 

.I.f• 0KCI10H8HqHanI>HYIO rpopi,ty. pacna.rca B rrpe,JteJiax IlIMpUHbL ''~9.P~T ".,. c5HJill,, ,. 

pamm: rr 0 , 32° ,6!0~88° ,rro0 ,' I70° ,I9Io-,2i2° ,'2qI0 ~-~68°.,290°.' 1-1 350~· •. :· 
. ~ . , ; , . . .- '' ,. - ' - - ', . ·: . , . ,_' . ; . ' -:. '._. . 

• •
0 
·n:o_. pyl!lec;~y, ,IJ;JI~ ;oqpe,neJieHHR ·KQBqx!mq11eHT (J. .. B Halflei.r P.~_crropH~:' · 

xenmt HM6JI0Cl, Tpll rrapbI T0'lleK, CIIMMeTpHtIHb!X :.QTHOCllT8.JII>H0 HaitpaBJie-
. ' 

mm cmrna t,J ... -Me 30Ha (H . C,!l;Bt·!H'J'To!X rtpiu.rep~o. Ha ·21:r~.1:t:vc) OKO;jo' :: 
. , .-~~. •::.,·:.: .·•·:~,.,,I• ., -~~. •.,~. •_,.'.; ,_;: ... ' ·. I•,•.. ,•;. 
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o0 
U ·IBO~ Kpoue 3TOro rmeJIOCl, eme 6 T8.Kil8 nonapHO. cmi1MeTpHttHbIX TO

tieK OitOJIO 90° H 270°p_KOTOpliles Hecyr:teCTBeHHO YBSJIIittHBaSI TOtlHOCTI, B 

onpe)teJieHMH acm.me1pm1,, MMeJur n~nLto npoBepnT1> r_e0Merpnt:1ec1tyro cmAMer .... 

pmo o IILtTa o " 
• 

· · li3 3Toro cJie,Ytye,: 9 tiro no:;uoxHaa He6oJn,mas paaHmta B mapime 

'
00B0pot" He $JBJUI8TC!i crttteC'fB8HH·ott rrp:vr onpe,n;eJieHlUf .. Q . 9_ TaK KaK 

lUtTeHCHBHOCTl,. ctteTai; KO'l':Opt1!) HymIO' cpaB_HHBaT:&:l rro,n; pa3HbIMl1 yrJta~,Uf 

H3Mepn11ac:r, · c Jetm ~e cm.n,n.m BpeuenHHM:H KaHanar.m o - · 

IIepeue1mast JU!HHSl 38,ttep~KH (IIJI3 pMC 02) TI03BOJISIJia nepeMe_11taT1> 
. . 

RattaJI0 sanycKa ·Bopot B np_e,IteJta:X ·OT ff ,lt0 51lO jJ,- ceK·0TH0CUT8JIJ,H0 
--

BpeMeHI1 npoxox.itemut uesoua t1epe3 ctteTtJt-rKH (I 9 2) s, ttTo HcrroJI1>3onaJioc1> 

,ItJUI :oneHKvt tpOHa c.ny?.JallHbIX COBna.n:em·tff O :B H3MepeHH.fIX HCIIOJII,30BaJiac1, 
. . 

3a,n;ep1!erta_ pa.BHaSI Og4 FL- _C0Ko illOHn O~HO_BHiiIM HCTOttH1UtPM ~Ol'Oporo -

db!JIH OCTaHaBJIHBRl>rtHeCSI B CTeHitaX Marmtl'I!Oti santMTbI Mro~Me:3OHbI~ ,ttaro

ntne 3JieKtpom,1 pacna,tta 9 samrneJ1 OT Tonmr1Hot rrony:,T11JieH0Bo.ro· cpHJI!,Tpa 

npaKTvtiteCKM .TaK,re~ Ka.K R Ctter BJleKTpOHOB OT. pacrra.n:a MIO<-->l{830HOB B 

IH rpaqJHTe H COCTaBJIRJI OT ~ 5 .no """- IO npqrte_n;oB B 3~DHClU,{OCTM OT . 
HOMepa WBbpoTW Myrna Ha6JIIO,neHH.Ro 

JlCCJLEJIOBA~E .110.rnonm;qJm 3TIErtTPOHGB ~ IICTJYCI{AEHI1X 

HEITOJIBPII3OBAIIHflMH Uro-ME3OHAMM 

IIpur HHTepnpeTarurn · o 6cyE.1taeMux B . cJie,n;yromeM naparpaq,e noJiyqeH= 

HoIX no.n; pa3HHMH yr,ra1m r<:pMBorx norJiomemrn BJieKTpoHa OT pacna.zta 

IlOJmprrnoBaHHbIX M!O=Me30H0B · neo6xo,n;:t1MO 3HaTJ, BepoP.THOCT!> lj ( t~ R) 

perurcxpaqu:vr' BJieKTpo1ia ,1taHHoil 3Hepr11ur. £: npu rrpoxojE)teH1rn ero 

trepe3 noJUrnTHJieHOBhti1 4m~1,Tp TOJIIItimotl f(. . o B Hamel.I cnyqae . no.zt R 
no,npa3yuenaeTcsr. noJIHa.H TOJII~I-IHa tj)11JI1,Tpa -n yrJioBOM TeJiecr<one c · 

· ·ytteTOM ;t'OJIIJtUHliI. CitlIHTHJIJUIItV!OHHb[X cqeTttliK0B lt rpaqm:ronol! 1.mmemir 0 
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ITpoxoxl(emrn. 3JI8KTp_OHOB qepea aemecTJJO RBJIJISTCS ,I(OBOJff.,HO 

cJiortlim.r RBJiemrnu H3=3a HaJI11tJrur Mf!Oroxpa,:noro pacce.ttrrn:n. !1 TopM03HOr'o 
.. . ' .. 

H3.1Iyt~emrn o 0.rtHaKo 3JI,eMeH_Tapm1e 3aiwuw rssam.rn,Itetic?:e1u1; cBJI3aHHI::Ie c · 

Topum1emrn111 sJieKTpoHos,:t xopomo · H3_necrna~ w rroatouy peme1me · 

rrpo6ne1m I1pOXO!t)(9HUJI · 3JieKTpOHOB qepe.3 ···Be1ttectBO C:Bst3flHO · TOJI)bRO C 
. I . , • . 

· uareuaTUtJecltm.rn: Tpy,I(HOCTRMJ~~ ITpaKTJttJtClOI . ifY rrpo6JftMY MODO pemnTi> 

KaK 3KCTiepm4e HTaJI:&H Os ltcno JI:b3Y.FI MCt'fO ll'.IHBK UOHOKMBe 4' Mtie c1m:x 3)!•:HtX'pO~ 

I:IOB pa3H!,IX 3Heprnti~ ,TaK 11 M8TO,I(OU CJt,ftffi.tfHU mtntrr:aH1ffio HJ-11 MCIT0JU,30= 

Ba.1m ,pe3yJir,raTbipactJeTOB ?:IeTO,I(OU J{oate""-I{apJIO no. orrpe,ne,,rr~uur10 BepoJI'J.'.:;., 

'iiocTH npoxox;n;eiiirn aJieKrpoHoB trep~3 pasmi@ .To~:vru1,r rromrnTPIJUrn:av npoe,., 

)leHH11e·, !3. pac5oTe JioKriHarana H IilTei!aC>eprepa ( 9)0 

)T,JIR :Toro, trTOdN 01iem1T1 ripin.mmn.wcr1 m:mo;ri,3oaar-nroro HaHH 

M6TO)l;a9 . MCCJie.:n;oBaJIOC:& nor.rroiqeHffe B rroinn,nUIIUOBHX rim:JI1'Tpa.X U3BeC'I'-=

. H0ro crreI\Tpa ·:,JieKTpOHO.B OT pac~ He rrO.JUlfJJl~OThaHHJJX lIYJc:.,H/!J30HOB 0 . . . 

Eh!Jio npoBe)leHo cpaBirenue .or<:cnepmJtHt·xaJI:&iW · onpe.n;~JI!9HHOti •J\rmncin 
norJionterrn.H -c KP.HBOH rrorJioPtemrns.->. pacctmfa1utoi1 -.rvm · 3Toro cne.rtTpa 

Ha 0CH0Bamrn pa60Tbl 9) 0 

. ~ . 

KaR IiI3necTHo, :,Jie rtTpOHI::Irr cn®1<:rp o-r uenoJIRfJ30Bamn,ix. \..!--· -Me3o- ·· 
·' 

HOB ITOJIHoc11>10~ onpe.nen.FieTc!! rrar~imirpou rr1t~e.nsr · f1 
® CorJiacrno 3Rene, .. · 

1m~eHTaJibHiu1 .:n;aHHiim (cu;Hanp11uepf> 3))g ::natrenr1e :,101~0 napaueTpa . 

6m1aKo K.BeJmtnrne, npe.:n;cKas1::maeuon xeo:puen )tByx_KoMrrouenTnoro ueUTpu= • 

HO ~I Il03TOlIY npM pactreTaX U1I UCrt()Jib30DaJrn :P. =0, 75X). . . . . . 

Ha pki:c. 3 cnJIOIIIHari rtpirna.11 M3o6pa'1<aeT pacctruTa1myro sam1CI1<-> . . . 

f I ? . . ' . r,\ -- ,. .,,..\' -, .. r 1.1ocx1, 1\J CR l;: 
1 

£ (~_-e,::.,..: 'f(c i? ;at.. It 

- - 0 > . 

x) YtreT pa.ztfl!a~JfOHHb!X nonpa.Boit3) ije Bl!OCHT .·· HdRaxeirn:H 9 cyiqeCTB0HHhlX 
~JIR 'AaHHOfi npo6JI~nmo 



Kp:srn·an uop1-m:pooonac:& TaKm.r o6pa3ou 9 irro sa 6ARH1-rn:y 6BJia 

rrpMHnTe.. HHTeHcnBHOCTI, ctrera :3JieKTpOHO_B B TO!.!. cJiy,me s Kor,1;a nopor 

re1rec:rtorra (3, 4, 5, 6, 7) ~ perr:rcrpvrpynnt&ro ~JleRrpoHbI si onpeAeirn:eTCfi ·' 

TOJib.KO TOJIII{HHOi~ ClUlIITl1]IJIJil~l!OIII1HX CtieTtJHKOB o 

Tip11 3Kcrrep:m-,i8HTaJI:cuou orrpeAeJie mm: KpI-tBOH nor no~emrn 1.re:r..tcr 

(':Get~urn:a1.m I M 2 {pl!J[bTp He CTaBM1ICSI 9 rr B rpac~HTOB on },rn!I!!eHV! O~TaHaB-
, 

· Jlll.!BaJI!'LC};, TI=1.'1e30HHo TeJieCitOIT AJIR pervrcT:pa~m,r 3J1_6Rlp0HOB ycl'aH8.B_JillB~JI~ 

CR no.u yrJiou 232° K uarrpaBJiemtt> uesoHnoro rrytma B Toi1 xe rem.reTpmt, 

KaK u ,Ir.JI.JI vr3r.rnpeHMR aczm-.rerpm! OT µ ..... e -pacna~ao ITO1m0'.:t'une11OBLie 

Wffe.JH:lJ:bY pa8trei:tam1c:s. Her:;:.11s ctre-r,nnmw10 IIoJiytieHHb!e 0Kcnep11MeHtaJI:r.1me 
. . 

1.0tIR:~ 1a.n:xe TIOit8.38.HH Ho. pv!Co3o 

I{aK BIJ1,1.urn H3 pncyHna~ · l'?eqe?Ha.n 1tp1ma~ xopol!Io corJiacyeTcff c- 3K~ 
. , 

· cnep}1i.renraJibHID:!H 1oru~a1.mo 31'0 -orrpaB.71;r:rna,eT HCTIO-JI:C3YJ?UHi1CR B cne,n;yro=. 

11teM m.parpa(I,1e uero,n; ;rr,Jm yqera Ilititajp;eH:vr:n oneK'.rpa nneK1pouoB npM, 
, ' . . .. . , ~ 

npoxox,1;~mm FIX qepe3 rroJIM3'I'MJieHOB1!e _cpI'11!l:tpHo 3aueTrroe pacxo~emre~: . 

1.!'.6J!t.J.tY. B1'It!UCJI~Irnon Kl)MBOll H 3KCilepMMeHTaJI:&HB1.U1 TOl!RaMM HadJIIO,n;e.eTC.R ' 

T.OJI:&ItO np11 TIOJIHOM TOJintMHl8 q>MJI:&'.i.:pa CiOJI:b!118 tlel[ 2I, 7r/cu2 
TIOJIU3TMJ16Hl!9 

r~6 OHO COCT8.BJUieT OKOJIO IO' rrpo1~eH'I'OB O . ITpft yBeJrntrnmni TOJYI;tV!HU cpMJI:&Tpa . 

OTHOCHT8JI:&HQe pacxo,s:,n;emxe TeopeTHl!6CKOti KJ)k!BOi1 C 3KCn~pv!1,f6HTaJII,Hbil.ffl 

-roq1ea1m. yBeJrnqHBaeTCSI O TaK npH TOYi!n;fHe Q)I~JI~Tpa 25,, 2 r~CM~ 9 -~ oe O npH 

TOJl~He <pMJI:&Tpal) · ,n;ocTaTOtJHOM ,It1IJl liOHll38.I(HOHHOro 'TopMoEemur ~ureKT!)O..;.· 
. . ' 

HOB c' aHepr~en 55 rfaB® / 1:enec:rrnn per11cTpnpyer 0~4% oT qucna, 0JieKr~o.._, 

HOB~ perHC':t'pMpye1.fb!X 6e3 ,ItOTIOJIHP!l'tJI:&HhIX (pl!JibTpO O 0'.I'CIO,!J;a J!O~HO C):!eJiaTh 
. . . - . 

Bllmo·,n;P ttro pacxox.rteHHe o6ycJIOBJieno H@ Teopexnttec.a:m.rrl! pact1eTa1,m 9 a 

CBSI3aHO C OTJIH.tJHOi1 ~T HyJin BepoSITHOCT:&iD ·pervJ:CTpait:t-rn TeJieCKOilOU 
' , . 

TOplW3HOro· H311YtJ8HHSI O TOT q>a.KT, qTo BepO!!TI~OCTl> . perI1CTJEUl1~ 3Toro 
. . . 

· H3JiytJeHHSI uan:al) oCSecneqvtBancn HMeHHO 60JI~m:m,1 _.1mcJioM c'tleT't!trn:oB~ 

30:&aBDXCH ,JtJISl perHCTpaztHm 3JI8It'I'POIIOB 0 



""".lU =' 

3ABHci1iioc±1,: ·,icinumTPJIH~. OT;·. 3UEPriitr .3JIEKTP.6UOB . B . ZJ.J = Q_ 

P4CJIAJIE _ 

· Ha pt!Co4 IIOKa3aHb1 3Kcnepmit6H1'aJXLHH8 3HatteHMR It03q>(pHitMeHTa . 

acm.n..reTpl!H O o . noJiytteHHHe. MeT0)];0M HaHMeHI>IDv.YX KBa,n;paTOB H3 

onpe,n;i.leHHbtX IIPH. paam,tx T01IlltkillaX qJIUihTpa Kpl'!BLIX yrJIOBOro pacnpe;.,., 

,n;enemUio YICa3aHHI:iie OmHC1KH SIBJISI10TCSI TOJ!!>KO CTaTHCTHtJ6CKH1m: 0 

. ~btme yKa31,IBaJIOCl»g tJTO npH tpHJibXpe paBHO;t 2I I) 7 r /cM2 (MaKCH...,, 

MaJ[bIIOJ,f. HCilOJils30BaBmeMCSI B Hamill( c.nyqae) OKOJIO IO nporieHl'OB C'-l81'a 

TeJieCKOital' pertiCTpupoBannero 3JifKTp0HU OT H8TIOJU!pH30BaHHb!X 

M1>0 Me30lIOB.0 C>b!JIO OC5yCJlOBJgeHO T0pM03HbIM M3JiytteHlteMe 3TO MO_:S:eT npti= 

B8CTH K 'l'OMY 9 .ttT0 H3Mepealian IlpH 3T~M (pv!JU»Tpe acm,weTpmI 0KaxeT·ca 

3aHPl:l!e6HH0ll O O.ttIIaK0 Bepx1mn npe,1teJ1 nonpaBKH I) YtIHTiiIBaromutt 3T0T 

. 3~8KT si OKa:nmaeTCH- 3HatJUTeJl!»H0 ueru,me yRa3aHH0!l CT8.THCT11tl8CKOii 

omwc5KHo He :vrc1tJt10tteH0 9 ·o,n;HaKOp ttTo·n padoxax 4~6) 0 r.zte BeposrrnocTL 

pentc_T-pa!lMi't T0PM03lIOro M3Jiy-«teHH.R: 61,111a ~gaqliTeJI:E,H0 60.n1,me S) 3T0T 

3cW,eicr )mr np:&rnecTn K 6oJiee cymecTBeHHoMy YJ,reH:&memno acm.n.reTpHHo 

- CmIOmHasi KpirnaH Ha p:v!Co4 npe,1tC'I'aBJISI8T codoll OXH,l'(ae?AyJO 3aBM.., . 

cu1.mcr·1, ·«{~) = B J.(R) 1toaqxpmt11enTa acm.ruexpHH OT _no1niott 

roJimuBu · cI>11n1>Tpa B Te.necKone O p:1.ccttnTaHHyro. na ocHoBamm BH.1ta cneKTpa 51 

. npe.:ztCKa3EBaeuoro ,n;ByxK0Mn.0He1tTIIon xeop1teil HeiiTpnno (cpopiiyna I)o 
·0 

BeJIHtJHH~ IlOCTOSIHHOli . B. (ItoTopaa MrpaeT POJI:b uacmTa6a B , 

npMBe,n;eHHOM pMcyHKe) c5y,n;eT 06cy~,1taT1>cSI n111.rea 

ITpn pactte:rax ytn7Tb!Ba110C:b T_OJ)MO_:llIOe H3JiytteH11e M l,moroKpaT~loe 
. -

paccemme 3J18KTpono~ti a •TaKJie yrJioBoe pa3pemeHt-Ie. Te11ecKona. 

3aBHCHM0CT:bs, M30 c5paxceHHaSI CrtJl0illH0it JtHHnen 9 noJiytteHa CJie.n;yIO·r.rim.{ 

oeipa3ou:g 

:-.;·< 



r,n;e MHTerpvrpona,HHeH !IO g_ YtJl!TbIB~eTC1I' tlTO yrJIOBOe . pasp.eniemte 

TtJIGCKOna HM88T KOH0'1HY:IO -Be.llltnIHYo CTerreHJ, )tOCTOifep~OCTit ~YHK~im· 

i~(si~-) - B·e?o~;H·~cT'i ~oro~ \ITO ~JieI\~poH' C irieprirnii :.E2 ' ·6y,I(ei . 
•. sapernc'TpnpoBaH TeJie CKo'iroti, • ~or,n;a ITOJIHa11 . TOJI~lW. tpUn'bTptl pa.BHa;; ' , 

. r-· '"'1 • : , , •• \ ··- ••' 

..... odcyIC,Jta11ac1, B npe,n;w.n;ynteM naparpacpe o · ·-· · · · : · 

~---{ .. ~: : ." ~. 

" ·ITpeACTaBJiemrn· .o. ua11ocnr omu6oK, B03H0XH~X ripu · pactJe:re cI!Jtom;_. · 
.'· ' . ;. -;,..,. ;, .. _·\; .. - _.~:- ' ·,· ,,· ·.·· ..-; .. \ y.. . . . ·-::_;:. · .. ~ . ·,-.' 

Hon_ Kp1rnon, I1306pal!CeH_HO~ ll~ pHC o4 9 UOZHO Taitm no.nytil1Tl, 1~3 cpaBHec:;, 
. .. .. ~" . <. . ; .. !1 . __ .,, > ~.: : - . ; :_~ ~ i ~- · .. 

mut e~. C IIYHKTvipH_Oil Kp_:t1BOff 
; ',. ~.,.', . '.""/. ., . . ., . -- , . . -' _· .. 

' ,· ·-;, ~ . -,~ ;·1 :~ • ; ...... ·. . 

~-,.~~:J;' .,.. '!~, • 

· nonyqeHuoM B 11iea1m:3npoBaHH·ou ciryqae 
· -; ·, ---~ . ;.: :.: . , ::_: .: ..... · :.:~:.: ;~. · 

OTCYTCTBl-IH BCSIKHX 1nrcrpyueH= 
• • ~ t ... B• • • •,.,-. ' •• : ,. a• .. '• -

TaJU,HblX HCita.XeHl1it cneicTpa, C~.fI3clHHJiX C perucTpauuen 31IeKTpOHOB; 
.. . ,, 

npoxb,IVHrtiix qepe3 (!)IVI:E>TPo:·pacxoi~,TteHMG Mexiy 3Tt11~tr 1qiHBiin.rn·~· ·KaK BU,7J;HO .· 

Ha 1m:c .4, oruocuie.111,'mj 1·1aio ,: Hecuo-rp11 na TP, qTo ncKaj!emte c~eKTpa 11 

KaK H;B·e'.C~HO ·''aimtn~Te·~~HO.o .3TO Ocl'bRC~IIeTCSI Te1i,. {ITO: pac"xo~e·Jiue OT= 
:~:: i ·; - iS • • ..... ,· •• 

pru,;ae:r i o_niKo pa3ir.t1tJHYJ:> cfenefii, nc1ca,;ce'muc ·cn·eKrpa · rro~ paslfm1u ·.· 

yrJiai.rif. m1eiiHO 3TO O()CTO~:ren':&cT~:o ~eJI~eT ~Hdpaii1ia!1 l,1e1·0.n; :.'nfromie 
· no.Iii~;sit1*1i .n;Jw pememm · no cT.rinJieuson. sa'Aaqito · . -~. ~:,.: ·. ~-- · 

., . - - .... ·> ·. ~ ·~: ·.":_-'.:.) -~--~ -';" ~_., ' \ 
l{aK BH.D;IIO, pacctJI1T8,HHaJI. Ila ocnona.tnm .D;BYXROMTIOHC HTHOH Teopmr 

·• •:t.t.- - :, . ·. • • •.·. ,•~·.: •: '. ~~. ".' __ :·\~l-

Hel!TpvtHO CTIJIOmHaSI KPMBaH B npe.itemx aec1w.'i~~HX I1p01{6HTOB cor Jiacy""' 

e,:cSl-c 3KCn~puuenTaJII,HLiiri ~rottKal;m B Hcc~e.rr,onairn~t(' 06Jic.tctit 01rnprun ' 
'. ~ .... ' ' ., ., • <' ... ' • 

CBUlll8 20 M3B o -~ 
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IloJiytIO:trnaH ua C:paBHeHM,.FI 2KCUIPJU:feHTaJt:bHbIX ~ammx C pa91rer .. 

10ft Kpunoil IWHCTaIITa B 

nne B=P ( l - w(. ) , 

= o·, 70 !, O, 02 BHpa::t~e!y}:r3 t1epea np0I-!3Be.:1e• 
. ,., I ,. • . 

, r~e· P-cTeTieE:U, ITO)HIIJ!-!3Ulll"!l1 !-'ICI10JI!J3j'CUOr0 

JJ. -11e3ouHoro nytma , .. N - - :nepo.aTHOCT:b »~enomtp!tso.1i~nrn 
.· .. ·.· ··.. ' 9~ ~~JS~jv 

ue3m101 D rp:tqm~e, n. :\ :;, , . 
1
2: \ ,~ nn.,1.r1eTcR 

. . .. (j\t . ..j.. gp.. 
tpyR~aM8JtTa1U,HOti KOllCTtlHTOll (I p,- -&, pacnaia B JtBYXKOl:!IIOHeHTHOU 

. . 
. Teopm! ueittpm10 (cpopMyJia I)~ Y!\.:rnan:ne.! BH!te O!!HH>IQt $.lBJ!ReTO! !OJ!.b?::r.-

CTaTHCTlitIICK011. ItOHCTaH!a 3 H ee Ollu:t15:r.ii .')!:!mt .nf1f1,n:eHH 1'!3 (:tJlJOiey'n

HOCTR BCeX tteTI:IpeX U3H0ptHrl!J:'i; . C,1J;e .liflHULIX C pa3HL!MlI C~l1Jl!i!'fJa'',U! i TI:[)H,,. 

qeM uoJittaJmno npe.1.1:nonaraJioci,, ~ro cT•nei11 IWJ}Iqec-rneanoro cor.?re.m*-r 

.. ·po,Ctt8TlIOil !CpltBOfi C OKCriepln..reHtaJI:&HH.lut TO'tltal.U( (pie ~'t). ~OC'J:13,TO'qHa 

,11,1m. To·ro, ttTo6a CAeJiar:E> ~npe;teJ1e1rnos .:3aKJ!rP-remrn o cnpe:ae,1vmnocTu 

samtc:m.mcrru, BJ:Ipa,n:e1rnon (pop:uyJiotl (I).a Tor.nu aBTOl.tnTJittecmit ucxiro 

: TIOJIJtJHT!>. HHTerJ;aJU,HOe 3J!aqemte · (lo I<;O~~n11eu:ra at•l!HeTpn_ .UIH 

Bcero· cneKTpa. tUieKTpOHOB npn ~lW!:[ll.ITOJUIJU!ft Cl11IOlliHOii Jtp!1BOil JC nyneno .. 

TOJI~nne q>HJibTpa. OHO OI\6,3b!Baete.f! PalHIQ.& ·a,o ·= ; =0»233..t,0,007·, 

npnt1e1t 3Ta B8Jm'llHHa O'!HOC!-!TCH, IWHe \lHO, it I!Icnon1,30Basno11y nrum 

nyqKy_ ~'- -J.tC30H0B. 
I 

_. AHamrnmpyst cono1<:ynHoc11,· ,n;aHHHX no lit3Mepenmo acn1i1eTp11u 3newrpo-

HOB OT JT °" ~ ~ ~""' ~ +- pacna,n;a S qx)TOnJte,Ctvnrn:ax Jrt /..t+ :_ ~/ ~-

.paCil6.,lta B ~T03UYJILCHSIX H rrnqmre t . YHJIJCIIICOH -np:mue.1 Jt BUBO,Ity, ttTO . . . 'i . . .. • 
BeJIRtttrna ( i - \.,/ ~. · )~= o t 87±,0, r210 ,, ., CpaBHMBasr :JTOT pe3yn1,m ~ 

, , . . . . . .. ' . , . }-; . : , . : .. 

C ·no.nyqe1IHH?.! B HaCTOSntett pa6oTe 3He.tJeH£teu B::P( 1-w,.)~0, 70+0,02, 
.. , . . -

:t.mXHO C,1t8JIO.TJ, 3_aKJU()'ll8HUe, 'l!TO HC110.ltb30De.HµnIH Hcu.rn: )J. •Me30lllmi1 

fIYtlOK IUteeT. CTeneni, IlOJISII)Irnanvrn P=tl, 8I+0, II, T .e. no Been ·»epoSIT-
- . . ' --

BOCTH; He !IBJISI8TCSI TTOJIHOCTI,10 riOJl!ipm91lB8.HHW.I •. 

· EcJIM cpaBHMTI, K03q)q)1'!I:tU8HTH acm.1MeTp1n1 . a.o , noJiytJal~ICCSI 
' .. .. 

n rpa(puTe Ha pasm1x · nyttKax P~ -uesoHOB (Buao,1un,mx 1m 1~a11epu · 

ycKopu;enet:t," nraB~a, aHanorlitmuu cnocodou )6 ,II' r2>. ~o u,1tuo ~ 
. 



'1TO pa.3JllltfflD uex,n;y mum MeJ1i31f npM,n;aBaTI, CYIItSCTBeHltoro 3H6.tleHll.f!o 

- OTc~~a xce cne,n;yeT, qro nyqKH J.J,--~»e30H0B·HMemT 6JIH3Kyro eTeneHi 

nonsrpirnattn· nesaBMcm.to OT· i.Hepritil npotOHHoro TIY1fKa 9 reHepllp~'.nrtero 

rt=Me30HH na BHyTpennen l.lH&eUB CHllll)OI.(BKJIO'I'POHa 0 

B 3S.KJIIOlJemrn c.11e,n;yer · O'I'lifTl1'fiP,. qTo nom HiT HJ!KaKk"'X 3K'Cn3Pff=·. 

ue1raJU,HMx yKasami-n ua. To, lITO ueHttme 8.l\I-Utnl\H, T·,e e ueaM.W 

B6.1tJ1PiftHllp Tpec5yeuo.t1 Teopueil §eillmaue, I! ren1t~Mai.fHaIJ)
0 

. 

3 a K JI D q e H H e 

' .. -'t .• +:· 
Io lisuepeHa 38.B,l1Cl1M0CTb ~cn:uueTpil!H 3.1!8KTpOHOB'. ~ ~-e ... •:[llC.«o 

. ' 

rra.ite OT MX 3Hepnni npv.t TIOUOll!H 3Jl01tTpo:rrnoro J.fe'!OM,9 CUJII::!IO IlOJ(tl~Jt!c::, 
'• ,'' ••• •••••• •~ ,:r_~.••~ ~•• IO•.)='• •-... • • '; .:: 

IOL"tfro BepORTHOCT:b per11crpamu1. 'f01)H03HOrO H3.ffY4eHJUI 3,recpO!IOlo . . 
• > • ' ,• • ,. • • 

2 0 Hail,n;eHHaff '3a}:rn:c.:m.mc To S.CliltIU@~pD ,B_ v!(:CJJeAOBa._HH~M !1Ht"epnano 

3Hej,rHit o; ~ · 20 J~1213 ',n~- itoJ:IUQ. ~JieKTpOHHor.o crun<:'rpa KOJhrtt~C'f80tmo 

-(B npe.iteMx u,ecKOJII?JtHX npoittHTOB) cor.racyetcsi e npe,JJ;c~3a1rn:e1.Lteop1ni 

,nBfjfK0lm0HeHT,H0ro He!ITpHH0 0 

3 o IT pH npe,n;no.noxe1mii 9 'ClTO · 3?~ ~a.BBC»1lmcr1t cnpa,Be,n;mma H i.M 

He tl!CCJie~oBaHHOtl lJaCTW cneKTpa · .(,_ 20 U3B 9 ()JiJIO Ha:IT,IJ;eijo 3Ha trt'Hll-!e 

K03r!xI>muieHTa acmn.IeTp1rn ate~ B :r:pe.~Te .n;u Bcero 11H-r·er1aJI1.Roro 

cneKTpa,- KOTopoe ,Il;JUI liCTTOJI:b30B8.HHOro Halffl -nyqm OKa3aJIOC:b pe.D!ibl'M 

0,233.t,0~0070 

• 
p, -Me30HHld1 . nyqoK He 'noJIHOCT:&IO I1()JIS1pl-i30B8.H: CTeneH:b 

er·o IIOJISipl-13aquH p = o, 8I+0,II $ 

'. - ' ' 

5o IlyttKH 

mmx!)()ItHKJIOTpOHOB, HM8KlT np~uepno -o,n;irnaKOBYIO CTeneHh I10JUipusar~IU! 

H83aBHCHMO OT 3Heprrru ycKopenuux npO!OHOBo 
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PHC O. Io 31ccnepm.teHTaJII,HaSI ycTaHOBKao 
Be ... 6epHJIJU,rnmdt 4)~JILTPo 

c .... rpaqnirTonaSI .1.rn:meni, 
I,2,3 11 4,5,6,7 = CI(ilH'l'HJIJISIIU!OHHl'18 C'CJeTtJ!IKHo 

Puc .,2 0. 'nJ[0K=CX8Ma 3JieKTPOHHOit annaparypblo 
PY o ycum1TeJiu c pacnpe,neJieHHm.IH napaueTpatm, 

. coe.~irne HH!ile C BLIXO~aMK qJOTOYUHODTeJieil 
I,2,3,4,5 96970. · · · 

I,IT,Ill ..,, cxe1,m COBITa,l'tEHIMfi (. T. =Isi5oIO"""8ceK) 
AC-...;. cxeua aHTuconrra,ne1rnn (I,2) 0 3 9 · · · 
RTI = KaT0,1tHI:Ii1 'rIODTOpl1T6JI1'o 

TIJI3= nepeueHHa.R mrnmr 3a,Itep:1:Kl1 
TI, . T 2, T 3 = Ol'mipaJJ!r{l1e TpMrrepJ;! "BopoT "~ 

· .n.n = .nmI)(l)epeHT\HPYIDt:tUe. RtJet1K11 ,nnn 3anycKa 
nocJie,nyro~ero rpurrepao 

. ' 

ITI{I,rrn2, ITK3 .<;> nponycKa1Jm11e KacKa,nH "Bopor,''.o 

Prrn,, 3o KptrnaR rror Jioqemrn 3JieitTpOHOB oT pacna,na Heno,mp1rnonatrnJiix 
· ~A =M830H0B o · . . . . · 
Cn11omHa& Kp1man npe~cTaBJrneT coc5oir paccq:r,n:ai-rnym 3aB11cm.roc l'I> 
HHT8HCHBHOCTH 0JI8KTpOHOD OT TO]~¼HH n6JIUBTHneHOBOro 0HnbTpa 
· ·R o · . · 

0 = 3KCrI8pIUi8HTa.rn,HLie TOtI'KUo 
3a e,n;I:fHHUY npHHflT Cl!€T TeJieCKOTia; 6.e3 ,I(OTIOJII!I1'I'6JI:0Ilb:X 2 
cp1ur1,TpoB (nopor perr1c·~pan;1,m Tenec1wrra paneH 997 r/cM ) 

Pl1'.Co4o 3aBHC!IUOCT:b IWB(!XiJHI.\l'I8HTa aCI1lJU8Tptrn 0.. . OT BHepnrn 
0JI8KTpOHOB • . . 
C.rrnonma.H KpMBcUI a ( R ) ' C KOTOpon HYI\HO Cl)~BmrnaT:r, 
31<:errepaMeHTa.m,III:Ie TO'l!KH, paccmnaHa C ;ytieTOU arpcpeKTMBHOCTM 

. pernc~pau1nr BJle~TpOIIOB B BI<:cnepm.teHT8.JI:bIIOll yo:TaHOBKe (npM 
ITOJIHOlI TOJ1~!1He cpum,Tpa R ) 0 ' 

IIyHI{;Tf(pnan I<:pirna.FI (J.. ( c , · paCCllMTlUia B npe~rrOJIOX8IUIM OT= 
CJ7TCTBirn BCRKI1X UCKa::teHHif CTI8KTpao _ 

j = 0Kcrreptn.!8HTaJI:r,n11e 3Ha.l!emrn Ko0cpqmu;ue1rra a a 
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